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Abstract : Miroc is a mountain in Eastern Serbia placed between Donji Milanovac and Tekija in Negotinska
Krajina. The highest mountain summit is Veliki Strbac, 768 metres above sea level. Miroc is the most protruding
part of Eastern Serbia and the most western part of the Djerdap Mountain Massive. The mountain is surrounded by
the Danube from all the sides. Miroc Mountain, Veliki and Mali Srbac, the Danube River, the Djerdap Gorge,
Veliki and Mali Kazan are the real place of world permeation both on land and in the water. This embraces the
territory of nearly 500 km®. Fractal Geometry is a sort of new language used for describing, modeling or analyzing
complex shapes in nature. A fractal is a diminished unity copy; the type that resembles itself. The work objective is
to show the possibility of using computer analyses as well as the programme languages Python, C++, GIS software,
Global Mapper 15.2 and QGIS/a in the example of Miroc Mountain morphometric features.
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Introduction

Miroc, with an area cover of 300 km?, is located in northeast Serbia. It belongs to
small mountains because the highest mountain part is between 450 to 500 m. It spans across
the territory between Donji Milanovac and Tekija in Negotinska Krajina, among the arches,
at the Danube twist where it works its way through the rocky cliffs of Djerdap, in this way,
cutting through the southern fringes of the Carpathians. The mountain is surrounded by the
Danube from all the sides. The highest mountain top is Veliki Strbac, 768 metres above sea
level, which elevates at the narrowest point of the Danube in Europe, then come the
mountainous elevations of Mali Vis, Visoki Cukar, Carsija, Glavica, and the plateaus
Kiloma, Beljan, Alun and the Miroc Plateau. There is a great number of rock types and
sediments in the structure of Eastern Serbia, which results in the conclusion that that all
these lithological units are not of the same age. The sediments, represented by sand and
clay, in the eastern territories, are certainly considerably younger than the sandy terrains or
shale, which are more to the west, emerging as a result of digenesis, i.e. a result of sediment
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solidification. Metamorphic rocks, such as chlorate slates in Miroc, have emerged from marl
rocks. It is the Alpine genesis that plays the most important part in today's look of Miroc. 70
million years ago, the area faced the launching of older, Cambrian rocks, through the
indigenous and younger Mesozoic rocks of North East Serbia. The old rocks are represented
by gneiss, micashist and chlorite slates. Even today, they cover the eastern and western
slopes of Miroc. The isolated masses of these rocks, along with the Tekija and Sip
crystalline are the western edges, the launched rocks of long - term tectonic movements. For
being considerably older rocks than the rocks below them, approximately one billion years
old, there is evidence of a great myriad in North East Serbia. Its wide presence, also known
as the launching of Djerdap was later interrupted by tectonic movements and erosive
processes. The time of the East Serbia mountains creation is related to that time period. With
the uplift of the mountains, the sea started receding again, and over the whole Palaeogene
period, for about 40 million years, that space had been land. During the existence of the
Pannonia Sea-Lake, the eastern slopes of Miroc bathed in the waters of the Dacia and Vlach
Sea. The two water areas were most frequently mutually connected, excluding the Jurassic
period alone when with the uplift of the Carpathians this connection was broken. The
presence of a considerable amount of terigen material indicates the constant and powerful
land uplift presented by the Miroc- Deli Jovan mountain chain. Because of the mountain
elevation the connection between the Pannonia and Vlach Sea was lost. The Vlach Sea was
never deep in Negotinska Krajina or Kljuc, it was not deeper than 50 metres. (Stevanovic,P.
1951, 1982).

As the tectonic movements and uplifts continued, the Vlach Sea shore gradually moved
to the east. The former sea bottom became riddled with stream and river valleys drained by
the eastern slopes of Miroc, Veliki Greben and Deli Jovan. That the Alpine orogenesis is
still going on is indicated by the topographic shapes coming as a result of mountain uplifts.
Miroc could be rising 2 or 4 mille metres a year (Jovanovic, P.1971). The uplifts were even
taking place in the Pliocene and Quaternary period. Due to the fact that the Danube cut
through the breakthrough gorge underneath Veliko Strbce (768 metres high), and not at a
more southern point, what can be drawn as a conclusion is that the Miroc region was lower
at the beginning of their interference. With the unequal slant of the uplift in the meridian
direction, the Miroc anticlinorium axis sinks to the south. It is built of limestone, with
intensive karst. During the paleo-geomorphological evolution, the Miroc area was covered
by the Vlach Sea water. With the retreat of the Vlach Sea coastline to the east, the
successive river valley interference began to appear at its bottom. The biggest, the longest
and the most important river valley is the Danube River valley, that is Djerdap. The
narrowest part of this gorge is often presented by the vertical Miroc cliffs. The largest areas
of pure limestone is in Miroc (Manojlovi¢ P, 1986), within the unique unit of 125 km®.
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Figure 1. Part of Miroc Mountain Position in Republic of Serbia.
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Fractal Analysis in Geo Sciences

In the 1970s, fractal geography was booming along with the Clever Chaos
Theory and Brown's Movement Theory. The three theories could be viewed as modern ones
because they meant a progress in the applicative disciplines of Geo- sciences. Their
mathematical and statistical basis as well as the stochastic contour got implemented as a
code in the informatics set (Clarke, K 1988). The programme languages used in fractal
geometry, such as FORTRAN, Java, and Pascal have increased almost three times.
Therefore, the implementation of fractal analysis is present in almost every GIS software
(ArcGIS, GeoMedia Professional, Global Mapper), as well as in open source GIS software,
such as Quantum GIS, SAGA GIS, Grass GIS etc. Fractal analysis has found its principal
use in physical geography, social and digital cartography ( Ngan-Lam N., De Cola L, 1993). The
application in physical geography can be divided into the categories it deals with:
1. Methods for Determining Fractal Dimension 2. Use of Fractals in Geo Chemistry 3.
Mapping Geostatic 4. the Shreve River Network Model 5. Brown's Fractal Movement 6.
Fractal Mini and Macro Set 7. the Double Way of Phenomenon Movement 8. Fractal Time
Series 9. Fractal Moment of Silence and Phenomena Movement 10. the Zero Point and the
Levi Cluster 11. Self Sustainable Fractals. Fractal geometry has been less applied in social
geography but it has occupied the primary position in spatial planning and urban geography.
The next applying areas should be emphasised :
1. The Classical Central Theory of Cities 2. The Geometry of Fractal Cities 3. the Fractal
Hierarchical Generation of the Three Principal City Zones 4. Dimension and Space in the
Central City Theory 5. Generalisation towards Higher K Values 6. Fractal Geometry and
Urban Morphology 7. Models of Urban Growth and Cluster Regions.
Applying it in Geography and Digital Cartography involves the following areas:
1. Fractal Terrain Analysis 2. Process Map Texture 3. Map Model 4. Opposite Map Model
5. the Synthetic Everest Method. All the subareas that Fractal Analysis deals with make it
possible for a wide and methodical approach in Geo Sciences.

Method and Simulation of DEM Curves and Grid Terrain

Fractal dimensional measurement in particular grid areas is always a challenge because
a particular grid may involve more than million points. The most ambitious undertaking is
obtaining the dimensions. The X, Y dimensions are obtained relatively easy while the Z
dimension meaning elevation or amplitude is obtained with more difficulty. Similar curve
measurements, a different method and an algorithm are presented by the D dimension which
involves all three coordinates (X, Y, and Z). The insulated lines are presented by terrain
intersection with an additional terrain plan through a projection file where the grid is
introduced.

=D +1 (1)

surface isarithm

The equation is the step at which the intersection will take effect or grid points will be
added (Burrough, P.A, 1981). The step is map digitalization now widespread in any GIS
software. This is how the Digital Elevation Model (DEM) is derived or the data of the points
recorded in a remote detection or via satellite images. The algorithm that could have
performed this function is to an extent corrected (Goodchild,1980). The two scientists
inserted a code in the program language FORTRAN for the first time. FORTRAN is today
somewhat less important, so the code has been implemented in the program languages of
Python and C++, and as a segment, it has been used in JAVA script. In the abbreviated

version of the code working, it is explained that the data expected from the Z value are
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inserted through matrices. The number of columns among the points will determine the
number of functions among the insulated lines. The program generates various step values
which follow the geometric series, and one of the steps is the measure unit within the very
grid, so the step follows as 1,2,4,8,16,32,64 ..N+—oo. Within the code, the program
generates the maximum number of steps, which depends upon the grid size. Even the small
step values are taken from the grid value. The program is generated by the D value for all
the insulated lines of the grid, whereas the average value is D, so the value is increased by
0.9 to avoid overlapping. For all the insulated lines and the already processed data and in
order to avoid the overlapping in the picture, the pixel cell is left to be black, so that in
digital models a network is frequently derived defining this phase algorithm. If the pixel
colour is different, then the overlapping has happened to a certain number of pixels, so in
this way, even minor topographic detail is defined. When the fractal process is over, the
pixel cells that were in the steps do not undergo geometric squaring as the topography
rounds off its value. If it were not for this function in the step, line dispersion would occur
since it is inclined to infinity operations. The LANDSAT images of a different spectral
analysis must be drawn on the edges of the pixel lines, so their algorithm is somewhat
different. A random murmur is taken for the pixels to be later coloured and the areas defined
(Lam, 1990). On calculating all the bordering lines by step, in terms of all the insulated lines,
the algorithm uses linear regression. From Table 1, the area of the final fractal dimension
can be calculated using the equation as well as the average value of the D value of particular
insulated lines for all the values bigger or equal to the equation R?>0.9

Table 1. Fractal Dimension of Three Curves Measured by the Walking

Object Theoretical D Measured D R?

Circle 1 1,0084 0,489
Louisiana coastline 1<D<2 1,2007 0,976
Koch snowflake 1,2619 1,2033 0,982

Fractal Analysis of Miroc Mountain DEM

On defining the geographic position of Miroc Mountain, what is done next is the
download of LANDSAT satellite image applied onto a TK map of the designated Miroc
Mountain area. It is the site called USGS that is used for this purpose (US Geological
Survey). There are numerous methods and ways for inserting a DEM. One of the methods
involves the drawing of contour lines on a particular topographic map. The important thing
is for the contour line to have a most natural shape, to be drawn manually. As the lines are
sorted according to their altitude, with the major contour line being 100 m, and the basic
ones 20 m, all the altitudes are sorted in a specially designated layer called Modify Feature
Info. This is the place where the layer name and feature class are inserted, which are then
stored. The line is designated a name as well as the name of the basic altitude parameters,
(the altitude layer matters most without which the DEM cannot be initiated). The function
where the layers are drawn is signed by the algorithm Elevation. It is enough to draw the
altitude and put the letter where the altitude is marked,( X,y,z), for the software to recognise
the altitude coordinate. On all the layers being inserted into the basis, all the lines are
obtained which now need to be transferred into the area, so that the DEM altitudes will be
derived from the lines, getting the effect of a Digital Elevation Model. The procedure is
considerably more difficult to perform than the next one, but better results are achieved for
being more precise. The next way for creating a DEM is its download from an available
server. One of the possibilities involves is data download and transfer from the very
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software server (Global Mapper), which is to be found in the command called Download
Online Data. When the window is opened following the command Aster GDEM, inside the
very link, the data which can be viewed in various formats are downloaded, including DEM,
GeoTiff, DEM/USGS, KML, OZI, and ASCII. The selected area is cropped and along with
the projection, the coordinate is determined, later to be stored in a PJR file. Global Mapper
15.2 later extracts the data from the DEM.
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Figure 2. Example of Fractal Analysis Derived from GIS software with Implemented Algorithm
of Fractal Step.

On obtaining the DEM, points which are inserted in the program language C++ are
extracted, and later in Python with its packages in the program OGIS. What is obtained from
the software is the annual estimate of uplift per pixel which equals 0.000345 (3,45mm per
year), over one year or 34,5 m in 100000 years, if the parameters such as these are taken into
account today to avoid any unprecedented catastrophe.

using namespace std;

template<class T>

class Fractal

{

public:
Fractal(void);

~Fractal(void);

Figure 3. Example of Initial Code in C++ Program Language Which Has Been implemented
in GIS Software OGIS via Python Code
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Conclusion

It is the Alpine orogenesis that plays the most important part in shaping the looks of
Miroc and northeast Serbia today. The presence of the considerable amount of terigen
material suggests the constant and powerful land uplift presented by the Miroc- Deli Jovan
Mountain Chain.
In the 1970s fractal geography was booming, along with the Clever Chaos Theory and the
Brown Movement Theory. It is a sort of some new language used to analyze, model and
describe complex shapes in nature. A fractal is the minimized copy of a unit, the type that
resembles itself. Fractal Analysis has been implemented in almost any GIS software such as
ArcGis, GeoMedia Professional, Global Mapper, including the open source GIS software,
which includes Quantum GIS, SAGA GIS, Grass GIS etc. On obtaining the DEM, the points
which are inserted in C++ are extracted, including Python which has its packages in the
program OGIS. The software provides the annual mountain uplift estimate, which is
approximately 0.00345 m per year or 345 in a million years if the current parameters are
used.

References

Burrough, P.A. 1981. Fractal dimensions of landscapes and other environmental data. Nature 294(19): 240-242.
Clarke, K.C. 1988. Scale-based simulation of topographic relief. The American Cartographer 15(2):173-181.
Goodchild, M.F. (1980). Fractals and the accuracy of geographical measures. Mathematical Geology (12):85-98.
Creanosuh I1. (1951): Jlowu mmonen Cpbuje u cycenuux obmacty, [locebno mzmamwe CAH., k. CLXXXVII,
T'eonowmky MHCTUTYT, Kib.2, Beorpan

JoBanoBuh I1.(1971): McnenoBaHne COBpeMEHHX BEpPTHKANHHX ABIDKCHH 3eMHOU KopH B JyrocmaBuu, CaBesHa
reojieTcka yrnpasa, beorpan

Mamnojnosuh I1.(1986): Ceseponcrouna CpbOuja- ¢uznuko-reorpadcke KapakTepuUCTHKE, VICTOpHjcKH apXuB
Kpajune, Kipyaa u I[lopeua y Herotuny

Nina S.N., Lee D.C. (1993). Fractals in Geography, The Blackburn Press, New Jersey, USA.

Lam N.S-N. (1980). Methods and Problems of Areal Interpolation. PhD. dissertation. London, Ontario: Department
of Geography, University of Western Ontario.

Softwares: Global Mapper 15.2, QGIS 2.4 Chugiak

Internet sources:

Internet 1: http://www.globalmapperforum.com/forums/forum.php, retrieved 18 August 2014.

Internet 2: http://hub.qgis.org/projects/quantum-gis/wiki/Users_Corner

104



DOPAKTAJIHA AHAJIN3A Y JUTUTAJIHOM KAPTOI'PA®CKOM
MOJEJTOBABY ININIAHMHE MUPOY

AJIEKCAHJIAP BAJBAPEBUH |, JIPATMLIA JKUBKOBI 2, AJIEKCAH/IPA IIETPALLIEBUH °

'Vuusepsumem y Kocoeckoj Mumposuyu — IpupoOro-mamemamuyxu axynmen, denapmman 3a 2eozpaduyy,
Jlone Pubapa 29,38220 Kocoscka Mumposuya, Cpouja

*Vuusepsumem y Beozpady — I'eoepapcxu dpaxynmem, Cmydenmexu mpe 3/3, 11000 Beozpad, Cpbuja

*Vuueepsumem y Barwa Jlyyu, Tpupodro-mamemamuuxu gaxyimem, denapmman 3a zeozpadujy, Bara Jiyka,
bocna u Xepyezosuna

Caxerak: Mupouje mmanmHa y wucTounoj Cpbuju koja ce mpoctupe wusMehy Jomer MmmaHoBIa
u Texuje y Herotunckoj Kpajunn. HajBumm Bpx oBe rumanune je Bemuxu Lltp6ar, 4mja HamMopcka BHCHHA
u3Hocu 768 merapa. dpakTaiiHa reoMeTpHja je HaydHa METOJ KOjH C€ KOPHCTH Jia ONUIIE, MOACIYje U aHAIM3HpPa
croxene obnuke y npupoau. dpakrai je ,,yMameHa KolHja IelHHe ", TakaB JIHK je caM cebu ciudad. L{ws pana je
Ja ce Kpo3 mpuMep MOp(OMETPHjCKMX KapaKTEpUCTHKA IUTaHMHE Mupou mnpukaxke MoryhHocT ymorpebe
padyHapcKuX aHanu3a M kopuiheme nporpamckor jesuka Python, C++, TUC codrsepa Global Mapper 15.2 u
QGIS/a. To he omoryhutu na ce uspadyHa FoJHIIBE H3AU3AMkE IIIAHKHE MHUpod.

Kibyune peun: Mupou, mianuna, [lynas, Python, C++, Global Mapper 15.2, QGIS, ¢paxranu
YBon

Mupou, nospuise oko 296,7 KM, HalIa3| ce y ceBepouctounoj Cpouju, npunaaa
HHUCKUM IUTaHUHAMa jep je Hajsehu aeo oBe mianuHe ox 450 no 500 m. [Ipoctupe ce nzmely
Jdomer MwunanoBua u Texuje y Herotnnckoj Kpajunu, usmely nykoBa, Ha KpuUBHHama
HyHaga, rie ce mpoOuja Kpo3 CTCHOBHTE €0 ,, Depaana®, mpecenajyhu Tako jyxHe 0OpoHKe
Kapnara. Ilmanmnaa je ca cBuX cTpaHa okpyxkeHa [lynaBom. Hajsumm Bpx je Bemmknm
ITp6an, HagMopcke BUCHHE 768 MeTapa, KOjU ce y3IiKe W3HaJ Hajyxer nena JlyHasa y
EBporm, 3aTUM IUIaHWHCKH BHCOBM Mamu Buc, Bucoku Uykap, Yapmmja, ['maBuma u
Bucopasau Kunoma, bespan, Anyn n Mupouka Bucopasas. Y rpahu ceBepoucroune CpOuje
noctoju Behm Opoj THWIIOBAa CTEHAa W CeIMMEHATa INTO yIyhyje Ha 3aKJbydak Ja CBE OBE
JMTOJIOIIKE IIEJIMHE HUCY jeaHake crapocTH. CeIMMEHTH, NpEeCTaB/beHH IECKOBUMAa M
TIIMHaMa, y UCTOYHOM JIeJly TEPUTOPHje, CUTYPHO Cy 3HaTHO Milahil ox meiryapa v riirHana.
MeramopHe cTeHe, THUNA XJIOPUTCKMX IIKpuibana Ha Mwpody, Hacraie cy of
JaTIOPOBUTHX CTeHa. 3a JaHaIlbK u3ries Mupoya u ceBepouctoune CpOuje Haj3HAYajHUja
je anmcka oporenesa. [Ipe 70 MuinoHa roAnHa Yy OBOM IIPOCTOPY JOJIA3U [0 HaBJIAuCHa
cTapujux, pudej-KaMOpHjCKHX CTEHA, NMPEKO ayTOXTOHMX, MiahuxX Me3030jCKMX CTeHa
cesepouctoune Cpbuje. Te crape crTeHe NpeAcTaB/bEeHE Cy T'HAjCOM, MHUKAIIMCTAMa H
XJIOPUTCKIM MKpwibItiMa. OHE W JaHac MPEKPHBajy WCTOYHE W 3amagHe mamawHe Mwupoda.
MN3onoBane mace OBHX CT€Ha, 3ajeTHO ca ,,TCKHUJCKHM W CHIICKHM KPCTAMHUKYMOM' CY
CTpaHe ca 3amaja, AYTOTPajHAM H jaKUM TEKTOHCKHM IIOKpeTHMa, HaBydeHe cTeHe. 300r
TOTa IITO Cy 3HATHO cTapuje creHe (0ko | Munmjapay ToAWHA) OJ CTEHa KOje ce Hayaze
UCTIOA BHX, yKa3zyje Ha O IOCTOjalby BEJKOT Imapujaxka y ceBepomcrouHoj CpOwmjwm.
PacnpocTpameme oBe, mNo3HaTe Kao ,lheppancka HaBnaka“ MNPEKMHYTO je KacHHje
TEKTOHCKMM TIOKpEeTHMMa Kao W €pO3BHMUM IIpoliecuMa. Bpeme crBapama IUIaHMHA
cepeporcroyne CpOuje Be3aHO je 3a Taj BPEMEHCKH Mepuoj. Yciea M3au3ama IUlaHuHa,
MOpE ce IOHOBO MOBJAa4YM M TOKOM YHTABOI MajeoreHa, oko 40 MWIMOHA roAMHA, OBaj
IPOCTOP je KOIMHO. 3a BpeMe nocrojama [lanoHCKor Mopa/je3epa, ucTouHe naauae Mupoda
3arpyckuBajie cy Boje Jlakujckor u Bnamkor mopa. OBe 1Be BojieHE MOBpILIMHE Ouile cy
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Hajuernrhe y MeycoOHO] Be3H, H3y3€B y MEPHOAY MeoTa, pe oko 11 MimmnoHa ronnHa, Kaua
je mmm3ameMm Kapmarta, Ta Be3a mpeknHyTa. lIpHCYCTBO 3HATHE KOJIHYMHE TEPHUICHOT
MaTepHjajia yka3dyje Ha CTAJHO W CHaXXHO WM3IM3ame KOITHA IMPEACTAaBJbEHOT ITIAHWHCKUM
HU30M Mupou-Jlenu Joan. 30or m3nu3ama IUIaHMHA J0JIa3W 10 IIPEKuaa Beza usMmely
[Tanonckor u Biamkor mopa. Brnamko mope y Herotnnckoj Kpajunu n Kibyuy Huje Hukana
6uo nyboko, nyouna Huje 6mia Beha ox 50 m. (CreBanosuh I1., 1951, 1982).Kako cy ce
TEKTOHCKH TOKPETH W M3/M3aha HacTaBbasa, obana Bramkor Mopa mocTymHO ce momepa
Ka ucToKy. I1o HekajammeM MOPCKOM JHY MOYMIbY Jla Ce ycelajy JOJMHE MOTOKa M peKa
Koje JpeHupajy ucrouHe manuHe Mupoua, Benukor ['pedena u Jlenu Joana. Jla ammcka
OpoOTeHe3a joI Tpaje yKasyjy oOmuim pesseda HacTanu n3au3ameM IannHa. Moryhe je na
ce Mupou uzmmwke oxn 2 1o 4 mm roaummke (JoBanosuh I1, 1971). M3au3ama je 6mio u
TOKOM IDIHOIIeHA U KBapTapa. Cynehn mo Tome mro je JlyHaB ycekao KIHCypy MPOOOjHHUILY
ucnox Bemmxor ltpmma (768 m) a He jyXHHje, MOXKE Ce 3aKJbYUUTH Ja je Y IMOYETKY
BEroBOT ycerama obmact Mupoda Owia Hka. Ycled HejeJHAKOT W3HOca W3Iu3ama Y
MEpHIMjaHCKOM IIPaBIly, 0ca MUPOYKOT aHTKJIMHOPHjyMa TOHE y mpaBiuy jyra. Msrpahen je
O]l Kpeumaka, HHTEH3UBHO ckpaimrtheH. TokoMm mnaneoreoMopdosonike eBoIyLnuje MpocTop
Mupoua Hasa3zuo ce nox BogoM Bmamkor mopa. IloBrnauemem obancke auuuje Buamkor
MOpa IpeMa HCTOKY I0YeJI0 je CYKIECHBHO YCELame PEYHHX JIOJIMHA 0 HErOBOM IIHY.
Hajseha, Hajnyxa u Haj3Ha4ajHMja pedHa jgoiuHA je poiuHa JlyHasa, ogHocHO Depaar.
Hajyxu neo oBe KincCype je npeacTaB/beH YeCcTO BEpTUKAIHUM JnTHaMa Mupouda. Hajsehe
MOBPITMHE YHCTHX Kpedmaka Hajasze ce Ha Mwupody (Manojmosuh I1, 1986), y okBupy
jenUHCTBEHE TenuHe o 125 km?.

Ciuka 1. leo niianune Mupod u meroB noJoxaj y Peny6aununu Cpouju
®pakTanHa aHaau3a y ['eo-Haykama

CepamyieceTx rojMHa Iponuiora Beka (pakrajHa reorpaduja je J0KHBENa CBOj
MPOIIBAT, 3aj€THO ca TEOPHjOM TAaMETHOT Xaoca M bpayHoBor kperama. CBe Tpu Teopuje
MOIJIE Cy C€ CBPCTaTH Yy CaBpeMEHe jep Cy IpelcTaBibalie MPOrpec y aluIMKaTHBHUM
qucuuminHaMa ['eo-Hayka. thbiuxoBa MaTeMaTuuKo-CTATUCTUYKA OCHOBA KA0 M CTOXACTHYKA
KOHTYypa UMIUIEMEHTHpaJe ¢y ce y Buay koaa y uapopmarmuku ckion (Clarke K.C., 1988).
IIporpamcku je3um Koju cy ce KOpucTH Kox ¢pakrtamHe reomerpuje: Fotran, C, Java,
Pascal cy ce nanac roroBo yrpoctpyumin. Tako je ppaxranHa aHann3a UMIDIEMEHTHpaHA y
ckopo cBe ['MC codrepe: ArcGIS, GeoMedia Professional, Global Mapper, xao u y TUC
codtBepe xoju cy otBopenor npucrymna (Open Source), Quantum bGIS, SAGA GIS, Grass
GIS n pp. ®pakranna aHanuza je HajBehy npuMeHy Hanuia y ¢usuukoj reorpaduju,
JIpymTBeHoj U aurntannoj kaprorpaguju (Ngan-Lam N., De Cola L, 1993). Ilpumena y
(hu3nuKoj reorpaduju MOXKe ce MOACTUTH Ha onpeleHe 00acTu Kojuma ce oHa OaBH:

1. Metone 3a oapehuBame OpakTanHux AUMeH3Hja, 2. [Ipumena ¢pakrana y ['eoxemuju, 3.
Tleocratuctum manupama, 4. IllpeBe mMomen peune mpexke, 5. ®Ppaxranmno bpayHoBo
KpeTame 6. DpaKkTaTlHU Makpo W MHUHH CETOBW TojaTaka, 7. Jlymima myTrama KpeTama
nojase, 8. dpaxTanHe BpeMEHCKe cepHje, 9. @pakTalHi MOMEHT THIINHE U KpeTama [10jaBa,
10. Hynra Tauka u JleBmjeB kmactep, 11. CamoompkuBu ¢pakTanu. Y IpyIITBEHO]
reorpaduju (paxrtadHa Teorpaduja je HaIDIa TMPUMEHY Y TPOCTOPHOM IUIAHHPAKY H
yp6aHoj reorpaduju. U3apajajy ce cnenehe npumene ¢paxranne reomerpuje:

1. Kitacuuna nienrpanna teopuja rpanosa, 2.I'eoemrpuja rpagosa, 3. ®pakran resepanuja
XHjepapxuje TpH LEHTpaJIHE 30HE TpajoBa, 4. /luMeH3Mje IpocTopa y LEHTPAIHO] TEOPUjU
rpasnoBa, 5. I'enepannzanuja K Bpeanoctn cucrema, 6. dpakranHa reomerpuja u ypbana
Mopdotoruja, 7. Mozaenu ypOoaHor pacta u perHoHH KiacTepa.
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[Ipumena y xaprorpaduju u AUTHTAIHO] KapTorpaduju je y cinenehum obmactuma:

1. ®pakramHa TepeHcKka aHanm3a, 2. [IponecHa Tekctypa Ha kapTh, 3. Momen kapre,
4. CympotHu mozen kapre, 5. Cuatetnuka mMetona EBepect. CBe oBe mogoOmactu
KojuMa ce 0aBM (pakTajgHa aHaIM3a OMOryhaBajy MIMPOKY M METOAWYHY NPUMEHY
y I'eo-Haykama.

Mertoa u cumysanuja kpuBux Junuja JJEM u I'pun Tepena

Mepeme GpakTamTHUX TUMEH3M]ja Ha TOBPIITMHAMA OApeheHOT IPpH/a je YBEeK H3a30B
jep ce na ogpeheHoM TepeHy MOKe HaJIA3WTH M BHIIIE OJf MIJIMOH Tadaka. HajcimoxeHuje je
nobmjame nuMensmja. X 1 Y OUMEH3Hje ce PellaTUBHO JIaKo J00Hjajy oK ce Z TUMEeH3Hja,
Koja mpencTaBiba eleBanyjy (anTuTyay), foouja texe. ClnnyHa Mepema IPUMEBY]y ce KOJT
KpPHMBHUX, Apyrauvja METoJa U aJI'OpUTaM ce MpeacTaBiba AuMeH3njoM D koja caapxku cBe
Tpu koopuuHate (X,Y,Z). V3onuHuWje WM M30XHUIICE IPEACTaBJbajy CE€ WHTEPCEKIHjOM
TepeHa ca J0AaTHM IUIAHOM TepeHa Kpo3 MpOjeKUnoHH (ajil, Y KOjeM ce MpeAcTaBiba TPy,
VY3uma ce apryMeHT QyHKIHje:

D . =D +1 (1)

surface isarithm

je,uHan/[Ha D +1Hp€Z[CTaBJ'I)a xXoa rac he ZthI/I J0 CCUCma HJIM OoJaBamka Tadaka

isarithm
rpuna (Burrough, P.A, 1981). OBaj xon mpencraBiba IUTHTANIN3alMjy HAa KapTH Koja je
manac pacmpoctpameHa y  cBoM [MC codrBepy. Tako ce mu3 Tadaka Koje Cy
JIUTHTATN30BaHe N0OHje MUTHTATHH eyeBaninoru Mojen (DEM), anopuraM kKoju je Morao ia
obaBpa (yHKIMjy HoOmWjama pejheda M3 Tadyaka, y onpeheHOM OOIMKYy KOPHUTOBAaH Of
ctpane (Goodchlid 1980, Shelberg et al. 1983). OBa nBa HayYHHKa Cy 1O IPBY MyT yOaIHiIn
kox y mporpamckoM jesuky @optpan (FORTRAN). Jlanac ©@opTtpan mMa HEIITO MamHU
3Ha4aj Te je KOJ MMIUIEMEHTHpaH y mporpamckuM jesurmma Ilajron (Python), (C++) , n
CErMEHTYaJIHO y mporpamckoM je3uky JAVA. VY ckpaheHoj Bep3uju pana kona o0jairmbeHo
je ma ce Kpo3 Matpuie yoOalyjy mojamy KOju ce OueKyjy on Z BenwmuyuHe. bpoj koiona
m3mely Tauaka he onpeamtu Opoj ¢yHKumMja Mehy nzonmnujama. Ilporpam renepuiie
pa3nuuuTe BEIIMYMHE KOpaka Koje clielle TeOMETPUjCKY CEepHjy, a jeiaH KOpakK je jerHHULa
Mepe yHyTap rpujaa, Te je kKopak y xoxy: 1, 2, 4, 8, 16, 32, 64, ..., N+—oo. IIporpam
TeHepHIle YHyTap KoJa MakKCHMyM Opoj NMOHaBJkamka y 3aBHCHOCTH OJ BelnWdwHE Tpuaa. U
MaJie BpeIHOCTH X0Ja ce y3uMajy u3 BpegHocTu rpuna. [Iporpam renepumre D BpenHocT ca
M30JIMHKjE TpHaa a cpedme Bpeanoct DI, Tako BpemHocT yBek Beha ox 0,9 y3uma ce na He
mohe 1o mpekiamama IojaTaka. 3a CBE W3OJNMHMjE M FHUXOBE alropuTMe Koje cy Beh
obpaljenu ga He OMX JONUIO JI0 MpeKianama ca CIMKe, OcTaBJba ce henrja nmukcena ga oyne
npHe 6oje. Ako je 0oja MHKceNa Apyraddja OHJA je JOIUIO IO MpeKienama Koa oapehenor
Opoja mnmKkcena, ma ce Tako AeUHMINY M CHTHHMjU aetasbu pesbedpa. Kama je mpouec
¢pakranuzanuje 3aBpiueH henuje NMKcena Koje Cy Owie yHyTap aJlfOpUTMa 3a0KPYXyje
cBOjy BenuuuHy. Jla HUje oBe (yHKIHMje Y alropuTMy JOLUIO OM JI0 pacTypama HH3a jel
TEXU OCCKOHAYHOCTH orepanuja yHytap Maremarnuke gopme. LANDSAT cHuMmm koju
UMajy Ipyradujy CHEKTpajHy aHaJU3y MOpajy ce LpPTaTH 110 WBUIaMa ITUKCEIHNX HH30Ba,
na je KOA HHMX HEWTO Ipyraddju ajropuraM, y3uMmMa ce LIyM pPaHIOM HaCyMHYHHX,
BPEIHOCTH Oa OWM ce MHCKeNnu KacHuje O0ojunmn m moBpmuHe aeduuucane (Lam, 1990).
ITocne m3pauyHaBama CBUX TpaHM4YHHX henmwja mo 1 Xomy, 3a cBe M3OJHHHjE, aITOPUTAM
Kopuctu JmHeapHy perpecujy (Tabema 1.) W3 me ce Moxke u3padyHaTd y3 momoh D
BpenHOCTH Kopuctehn jeqHaunny D=2-b. [ToBpmraa koHauHE (paKkTaIHE JTUMEH3H]jE Kao U
cpeugba BpenHOCT BpenHocTH D oxpeleHnx n3onnHMja 3a cBe BpegHOCTH Behe U jenHaunHu
ox R“>0.9.

Tabela 1. /lumMen3uja ¢ppakTana KpMBHUX JHHHja ca X00M
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®pakraiana ananusa JJEM-a niannae Mupou

ITocne pedunucama reorpadckor Moyokaja IUIAHKHE MUpOY, TPHCTyNa C€ CKUIalmy
carenurckor cHuMKa ca carenura LANDSAT, xoju ce mocrtaBiba Ha TK kapTu 3aXxBaTHOT
nojpyyja rwianuHe Mupou. Y oBy cBpxy kopuctu ce cajt USGS. (US geological Survey).
Iloctoju Bumie HauumHa M MeToAa Kako ce ybanyje JEM. Jeman on Merona je yupTaBame
M30XHIICH Ha ojipeheHoj Tonorpadckoj kaptu. BakHo je 1a NMHKMja UMa MTO TPUPOJHHU]H OOJIHK,
Ja je upraHa cioboaHoM pykoM. Kaza ce nuHuje copTupajy 1o BucuHama (rinaBHa uzoxumca 100
m, ocHOBHe Ha 20 m), cBe BUCHHE ce yBpcTe y nocebaH nejep koju ce HazuBa Modify Feature
Info. Ty ce ybanyje Ha3uB nejepa u kinace nojasa (Feature Class), koju ce uyBa. [lonesbyje ce
Ha3WB JIMHUj€ W OCHOBHHM mapamerpu o BucuHH (Jlejep BHcuHE je HajOMTHUjU, Oe3 mera HHje
Moryhie na ce noxurae JIEM, amu je HEONXOJHO MMATH IOJATKe AATUX BHcHHA). DyHKIHMja Ha
KO0jOj ce YyUpTBajy JiejepH je o3HaueHa ca anroputMoM Elevation. JIOBOJbHO je yrucaTtu BUCHHY U
CTaBUTU CIOBO y KOjOj C€ BHUCHMHA O3Ha4aBa (X,y,z), Aa Ou codTBep MPENO3HAO KOOPAUHATY
BucuHe. Kana ce ybare cBu nejepu y 6a3y n00ujajy ce cBe JHMHUje, Koje cana Tpeba npedaiurTu y
noBpiiMHe Aa Ou on nuHMja Hactane JIEM BucuHe, Tako mnocTturao edekat noOujama
Jururanuor Enesermonor Mogena. OBaj HOCTyIak je 3HATHO TEXH 3a M3Boheme ox cuexnelier
anu ce MOCTHXKY 0oJbu pesyntatu jep je mpeuusHuju. Cnenehu naumn 3a nobujame JIEM je
CKHambe UCTOT ca cepBepa I je TO J03BOJbCHO. JenHa o MOryliHOCTH je cKugame U TpaHchep
nojaraka ca cepepa camor codreepa (Global Mapper), koju ce Hana3u y cienehoj komaHau
(Download Online Data). Kaga ce orBopu npo3op ca rarom komanaom Aster GDEM, ynyrap Tor
JMHKAa C€ CKHIA)y MoJalyd KOoju Mory Outh m3paxeHu y Buiie ¢opmara: DEM, GeoTiff,
DEM/USGS, KML, OZI, ASCIIL Kpomnyje ce cenexToBaHa MoBpLIMHA U oJpel)yje KoopanHarta y3
NpojeKIHnjy, Koje ce kacHuje uyBajy y IlpojexioHom dajny Global Mapper 15.2 u3z JIEM-a,
KaCHHj€ U3BJIAYH II0JIaTKe.

Cuanka 2. [Ipumep ¢paxranne anaause godujen us F'MC codpreepa Koju MMa UMILIEMEHTHPAH AJTOPUTAM
xoza ¢ppakraia

IMocne nmobuwjama [JIEM-a, u3 mera ce H3BIa4Ye Tadyke Koje ce ydamyjy y
nporpamcky jeauk C++, na kacuuje y Python koju nma cBoje nakere y nporpamy QGIS. U3
oBOr coTBepa ce J00Mja MPOLEHEHO TOMUIIBE H3IU3ake 10 MHUKCEIy U OHO H3HOCH
0,000345nm, (3,45mm 3a roauny) 3a 1 roguny win 34,5 m 3a 1000000 roauHa, ako He nohe
JI0 Harjie NpoMeHe y TreHe3H pesbeda.

Ciuka 3. Ilpumep moyerHor koaa y C++ mporpamMckoM jesuky koju ce ummiementupao y 'HC codrBep
QGIS npeko Python xona.

3ak/byuak

3a manammsu uirienq Mupoda u ceBepouctoune CpOuje Haj3Ha4UajHHjA je ayIcKa
oporenes3a. IIpucycTBO 3HaTHE KOJUYMHE TEPUICHOT Marepujajia ykasyje Ha CTalHO H
CHaXHO M3]M3ae KOIHA IIPEJICTABJLEHOr IUIAHWHCKMM HU30M Mupou-/lenu JoBaH.
CepnamzeceTx roiMHa MPOLUIOT BeKa (pakTanHa reorpaduja je A0KUBEJa CBO]j MPOLBAT,
3ajeZlHO ca TEOpHjOM MaMeTHOI Xxaoca U bpayHoBor kperamwa dpakrai je ,,yMameHa Konuja
nenuHe, @pakranHa aHanM3a UMIUIeMeHTHpaHa je y ckopo ce ['MIC codreepe: ArcGIS,
GeoMedia Professional, Global Mapper, kao u y I'MC codTBepe koju cy OTBOpEeHOT
npuctyna (Open Source), Quantum GIS, SAGA GIS, Grass GIS u ap. [Tocie nobujama
JEM-a, n3BydeHe Cy Tadke Koje ce yOamyjy y mporpamcku jesuk C++, ma y Python xoju
uMa cBoje makere y nporpamy QGIS. U3 oBor codTBepa ce n00Hja MPOIECHEHO TOTUIIHE
W3IM3amke TaHnHe Mupod 1o nukceny U oHo u3Hocu 0,000345 mm 1 roauny wimu 3,45 m
3a 100000 rogmHa, aKko ce KOPHUCTE CaIalllibi ITapaMeTpH.
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